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ABSTRACT

Background: A balanced nutrient intake is important for patients with diabetes. Even if 
individuals have the same number of residual natural teeth, there are large differences in the 
masticatory performance between edentulous sites restored with a fixed dental prosthesis, 
including dental implants, and those restored with a removable dental prosthesis. This 
study assessed whether the prevalence and control of diabetes differed based on the use of 
removable dental prostheses through an analysis of nationally representative data.
Methods: Overall, 8,155 individuals (3,525 men and 4,630 women) aged ≥ 50 years were 
included in this study and were classified into the following 3 groups: group 1, did not use 
any removable dental prostheses (NF); group 2, used removable partial dentures (RPD); 
and group 3, used removable complete dentures on at least 1 jaw (CD). The characterization 
of diabetic patients and glycemic control were analyzed and compared among groups. To 
determine the relationship between diabetes and the use of dental prostheses, multivariable 
logistic regression analysis was performed (P < 0.05).
Results: The adjusted odds ratios and 95% confidence intervals for diabetes in men 
participants in groups NF, RPD, and CD were 1 (reference), 1.165 (0.878–1.544), and 1.491 
(1.034–2.151), respectively, after adjusting for confounding factors. Diabetes and glycemic 
control were significantly associated with the use of removable dental prostheses among men.
Conclusion: The use of removable dental prostheses is a potential risk indicator for 
uncontrolled diabetes in Korean men adults, suggesting the need for a comprehensive 
approach to minimize the complications of diabetes mellitus.
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INTRODUCTION

Diabetes is an endocrine disorder characterized by hyperglycemia.1 The prevalence of 
diabetes continues to increase in modern society.2 Diabetes is known to be closely related to 
food intake. Oral health status is an important factor in maintaining good nutrient intake. 
Even in the absence of oral diseases, such as periodontitis or dental caries, masticatory 
performance can be affected by the use of a dental prosthesis and may vary according to 
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the type of prosthesis. Preferences for different food types may depend on the chewing 
difficulty involved.

Dental prostheses can be divided into fixed dental prostheses and removable dental 
prostheses. Fixed dental prostheses include tooth-supported fixed prostheses and implant-
supported fixed prostheses, which are reported to exhibit masticatory forces similar to 
those exhibited by natural teeth. Removable dental prostheses can be readily inserted and 
removed by the patient.3 They are classified into removable partial dentures and removable 
complete dentures.3 Removable partial dentures are generally supported by the remaining 
natural teeth. Their masticatory performance varies depending on the number and 
position of natural teeth and the quality of the denture-bearing tissue. Removable complete 
dentures are generally fabricated when there are no teeth remaining in the jaw, and they 
are reported to be less stable and less efficient for mastication than any other type of dental 
prosthesis.4,5

Diabetes is frequently found in dental patients and is associated with oral health.6 Several 
studies have suggested that diabetes is positively associated with periodontitis7 and the 
number of missing teeth.8 Accordingly, a higher number of patients with diabetes may 
require dental prostheses to replace missing teeth. Therefore, the masticatory performance 
of the dental prosthesis may also affect the nutritional intake of patients with diabetes.

Although several studies have suggested a potential association between diabetes and oral 
health status, a limited number of studies have reported on the connection between diabetes 
and the use of a removable dental prosthesis.9 Therefore, this study aimed to investigate 
whether the use of removable dental prostheses affects diabetes and glycemic control using a 
representative sample of Korean adults.

METHODS

Survey and participants
Data from the Korean National Health and Nutrition Examination Survey (KNHANES) 
2008–2010 were analyzed in this study. The KNHANES is a nationwide, cross-sectional 
survey conducted by the Korean Centers for Disease Control and Prevention and the Korean 
Ministry of Health and Welfare.10 This survey is conducted annually to monitor the health 
and nutritional status of the Korean population. All study procedures were conducted 
in accordance with the Declaration of Helsinki. Trained interviewers and examiners 
documented information about the study participants via a health interview, a health 
examination, and a nutrition survey.

Initially, 29,235 participants were included in the KNHANES. Because the use of a removable 
complete denture before the age of 50 years is reportedly rare,11,12 the data of participants 
aged ≥ 50 years who participated in all 3 parts of the survey, including the dental examination 
(n = 10,238), were analyzed in this study. Participants who had not fasted for > 8 hours  
(n = 771) were excluded. Those who did not have data for fasting plasma glucose or serum 
insulin levels (n = 1,312) were also excluded. In total, 8,155 participants (3,525 men and 4,630 
women) were ultimately included in this study (Fig. 1).
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Use of dental prostheses and the classification of groups
Oral examinations were performed by trained public health dentists. The upper and lower 
jaws were scored separately with regard to the dental prosthesis as follows: score 0, natural 
teeth only without any dental prosthesis; score 1, one fixed dental prosthesis only; score 2, 
more than 1 fixed dental prosthesis; score 3, removable partial denture without a fixed dental 
prosthesis; score 4, removable partial denture with a fixed dental prosthesis; and score 5, 
removable complete denture.

According to the above scores, the participants were classified into 3 mutually exclusive 
groups as follows: Group NF did not use any type of removable dental prosthesis (natural 
teeth only or fixed dental prostheses including dental implants with fixed superstructures; 
scores of 0–2 on both jaws); Group RPD used removable partial dentures but not removable 
complete dentures (scores of 3 or 4 for at least 1 jaw, but no score of 5 for either jaw); and 
Group CD used at least 1 removable complete denture (score of 5 for at least 1 jaw).13

Diabetes and glycemic control
Trained examiners collected venous blood samples from participants who had fasted for > 8 
hours. The samples were immediately centrifuged and refrigerated. Fasting plasma glucose, 
total cholesterol, high-density lipoprotein-cholesterol (HDL-C), and triglyceride (TG) levels 
were analyzed using a Hitachi Automatic Analyser 7600 (Hitachi, Tokyo, Japan) with an 
enzymatic method. Serum insulin levels were gauged using an immunoradiometric assay 
with a 1470 Wizard Gamma Counter (PerkinElmer, Turku, Finland).

The definition of diabetic patients was taken from the KNHANES of the Korea Centers 
for Disease Control and Prevention.10 Diabetic patients were defined as those with fasting 
plasma glucose ≥ 126 mg/dL, taking insulin or anti-diabetic medication, or diagnosed with 
diabetes mellitus by a physician.14

Glycated hemoglobin (HbA1c) levels ranging between 6.5% and 7.0% (48–53 mmol/mol) 
have been targeted in recent recommendations for strict glycemic control for patients 
with diabetes.1,15 In addition, the KNHANES and the Korean Diabetes Association define 
uncontrolled blood glucose as an HbA1c level ≥ 6.5%.10,16 Based on these results, we used an 
HbA1c level of 6.5% as a cut-off value for uncontrolled diabetes.
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Excluded (n = 21,080)
Participants younger than 50 years (n = 18,997)
Did not fasted for more than 8 hours (n = 771)
Missing values (n = 1,312)

KNHANES participants
(n = 29,235)

Final sample (n = 8,155)
Men (n = 3,525)
Women (n = 4,630)

Fig. 1. Flow chart of participants. 
KNHANES = Korean National Health and Nutrition Examination Survey.
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Evaluation of the association between diabetes and the use of dental prostheses
The prevalence of diabetic patients in three groups, NF, RPD, and CD, classified according to 
the type of dental prosthesis used, was compared. The proportion of patients with controlled 
diabetes in each dental prosthesis group was also compared. In addition, after the potential 
confounders were analyzed, the relationship between diabetes and the type of dental 
prosthesis was analyzed after adjusting for potential confounders.

Potential confounders
All participants were asked to complete a self-reported questionnaire that contained data 
about sociodemographic and lifestyle characteristics, including age, place of residence 
(urban or rural), marital status, smoking habits, alcohol consumption, and physical activity. 
According to their answers in the questionnaires, the participants were categorized as non-
smokers, ex-smokers, or current smokers. Based on the average quantity of alcohol consumed 
per day during the month prior to the interview, the participants were classified into the 
following 3 groups: non-consumer, mild consumer (1–30 g/day), and heavy consumer (> 30 
g/day).17 To assess the degree of physical activity of each subject, the International Physical 
Activity Questionnaire was used.18 Regular physical exercisers were defined as those who 
exercised moderately for > 30 min/session, more than 5 times/per week, or who exercised 
vigorously for > 20 min/session, more than 3 times per week.

Trained examiners measured the participants' weights, heights, and waist circumferences to 
the nearest 0.1 kg, 0.1 cm, and 0.1 cm, respectively. Weight was measured with an electronic 
scale, and height was measured with a portable stadiometer. Waist circumference was 
measured with a measuring tape at the narrowest point between the costal margin and the 
iliac crest at the end of a normal expiration. By dividing the weight in kg by the height in m2 
(kg/m2), the body mass index (BMI) was obtained. Systolic and diastolic blood pressure was 
measured with a mercury sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA). 
These were measured 3 times, and the mean of the last 2 values was calculated and used.

The frequency of daily tooth brushing was represented by the number of times the subject 
brushed their teeth daily. Secondary oral products included dental floss, interdental 
toothbrushes, electric toothbrushes, and gargling solutions.

Statistical analysis
Statistical analysis of the KNHANES data was performed using SAS version 9.3 for Windows 
(SAS Institute, Inc., Cary, NC, USA) due to the complex sampling design and the sampling 
weights in the KNHANES data. The χ2 test for categorical variables or the independent t-test 
for continuous variables was performed to assess the differences in characteristics among the 
groups categorized according to dental prosthesis used.

Multivariable logistic regression analyses were performed to examine the association 
between the risk of diabetes and the use of dental prostheses. Statistical calculations were 
also performed after adjusting for age, BMI, smoking habits, alcohol consumption, physical 
activity level, household income, educational level, and frequency of daily tooth brushing 
(Models 1 and 2). P < 0.05 was considered to indicate a statistically significant difference.

Ethics statement
The survey protocol was reviewed and approved by the Institutional Review Board of the 
Korean Centers for Disease Control and Prevention (approval No. 2008-04EXP-01-C, 
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2009-01CON-03-2C, and 2010-02CON-21-C). Informed consent was submitted by all 
participants when they were enrolled.

RESULTS

Tables 1 and 2 list the characteristics of the study participants categorized by gender and 
prosthodontic treatment. Table 1 shows the general and clinical features of the participants. 
Table 2 shows the relationship between their oral health status and the study group to which 
they belong. The demographics of the target population were as follows: the mean age was 
61.1 years, and the percentage of men was 47.3%. The percentage of participants using 
removable dental prostheses increased with increasing age (P < 0.001) (Fig. 2).

The prevalence of diabetes was lowest in the NF group, higher in the RPD group, and highest 
in the CD group for both genders (P = 0.009 and < 0.001 for men and women). In addition, 
fasting plasma glucose levels in the participants followed a similar trend, being lower in the 
NF and RPD groups than in the CD group (P = 0.166 and 0.07 for men and women) (Fig. 3).

The associations between diabetes and the dental prosthesis groups in the multivariable 
logistic regression models are presented in Table 3. Removable complete denture wearers 
(group CD) had a 1.49-fold higher risk of having diabetes than the group NF participants among 

5/12https://jkms.org https://doi.org/10.3346/jkms.2019.34.e262

Diabetes and Removable Dental Prostheses

Table 1. General characteristics of participants according to gender and type of dental prosthesis used
Variables Men Women

Group NF  
(n = 2,664)

Group RPD  
(n = 594)

Group CD  
(n = 267)

P value Group NF  
(n = 3,431)

Group RPD  
(n = 866)

Group CD  
(n = 333)

P value

Age, yr 59 ± 0.2 64.8 ± 0.4 67.8 ± 0.6 < 0.001 59.9 ± 0.2 66.4 ± 0.4 70.6 ± 0.6 < 0.001
Region (rural) 24.8 (2) 32.2 (3.2) 34.5 (4.2) < 0.001 24.4 (2) 32.9 (2.8) 37.6 (3.8) < 0.001
Spouse (yes) 92.5 (0.7) 92.1 (1.5) 90.1 (2) 0.536 72.2 (1) 57.1 (2) 47.2 (3.4) < 0.001
Smoking < 0.001 < 0.001

No 20.2 (0.9) 11.2 (1.4) 6.5 (1.9) 93.9 (0.5) 87.9 (1.4) 89.7 (2.2)
Ex 45.4 (1.1) 45.7 (2.5) 51.4 (3.8) 2.4 (0.3) 4.9 (1) 5.1 (1.8)
Current 34.3 (1.1) 43.1 (2.5) 42.1 (3.8) 3.7 (0.4) 7.1 (1.1) 5.2 (1.3)

Alcohol intake < 0.001 < 0.001
No 20.5 (0.9) 26.4 (2.2) 30.7 (3.4) 47.4 (1.1) 58.3 (2.1) 62.6 (3.4)
Mild 60.2 (1.1) 57.4 (2.5) 57.5 (3.8) 51.7 (1.1) 41.3 (2.1) 37.2 (3.4)
Heavy 19.3 (1) 16.1 (1.8) 11.8 (2) 0.8 (0.2) 0.4 (0.2) 0.2 (0.2)

Regular exercise (yes) 29.8 (1.2) 26.4 (2.4) 18.1 (2.6) 0.003 25.3 (1.1) 20.7 (1.6) 15.4 (2.3) < 0.001
BMI, kg/m2 24.1 ± 0.1 23.5 ± 0.1 23.2 ± 0.2 < 0.001 24.3 ± 0.1 24.3 ± 0.1 24.1 ± 0.2 0.735
FPG, mg/dL 104.2 ± 0.6 104 ± 1.1 108.7 ± 2.3 0.166 100.9 ± 0.5 102.1 ± 1 105.2 ± 2 0.070
HbA1ca 7.1 ± 0.1 7.1 ± 0.1 7.5 ± 0.2 0.202 7.3 ± 0.1 7.3 ± 0.1 7.6 ± 0.3 0.562
Triglyceridesb 135.4 (131.7, 139.2) 128.1 (120.3, 136.4) 124.5 (114.4, 135.6) 0.074 115.2 (112.5, 118) 124.8 (119.6, 130.2) 127.8 (118.7, 137.6) < 0.001
Cholesterol, mg/dL 187.4 ± 0.8 184.6 ± 2 184 ± 2.5 0.236 201.2 ± 0.8 199.9 ± 1.6 205.6 ± 3 0.234
HDL-C, mg/dL 48.4 ± 0.3 47.2 ± 0.7 49.2 ± 1.1 0.183 53 ± 0.3 50.3 ± 0.5 50 ± 0.8 < 0.001
LDL-C, mg/dL 112.2 ± 0.8 111.7 ± 1.8 110.3 ± 2.2 0.716 125.9 ± 0.7 125 ± 1.4 130.1 ± 2.7 0.235
WBC count,b 103 µL−1 6.3 (6.2, 6.3) 6.3 (6.1, 6.6) 6.3 (6.1, 6.6) 0.277 5.5 (5.4, 5.6) 5.7 (5.5, 5.8) 5.8 (5.6, 6) 0.007
Total energy intake, 
kcal/d

2,201.6 ± 23 2,067.8 ± 40.6 1,873.5 ± 63.7 < 0.001 1,597.9 ± 14.9 1,486 ± 24.3 1,419.4 ± 32.7 < 0.001

Energy from fat 15.4 ± 0.2 14.1 ± 0.4 14 ± 0.8 0.001 13.4 ± 0.2 11.9 ± 0.3 10.8 ± 0.5 < 0.001
Metabolic syndrome 42.7 (1.2) 39.6 (2.6) 42.5 (3.4) 0.504 50.2 (1) 58 (2.1) 61.5 (3.3) < 0.001
Hypertension 50.2 (1.3) 53.9 (2.4) 47 (3.9) 0.239 47 (1.1) 53.6 (2) 54.5 (3.3) 0.003
Diabetes 16.6 (0.8) 20.6 (1.9) 23.4 (2.8) 0.009 14.1 (0.7) 18.8 (1.6) 21.6 (2.9) < 0.001
Data are presented as the mean ± standard error or % (standard error).
NF = no removable dental prosthesis, RPD = removable partial denture but not removable complete denture, CD = at least 1 removable complete denture, BMI = 
body mass index, FPG = fasting plasma glucose, HbA1c = glycated hemoglobin, HDL-C = high-density lipoprotein-cholesterol, LDL-C = low-density lipoprotein-
cholesterol, WBC = white blood cell count.
aData are obtained only from diabetic patients; bdata are presented as geometric mean (95% confidence interval).
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Table 2. Dental characteristics of participants according to gender and type of dental prosthesis used
Variables Men Women

Group NF Group RPD Group CD P value Group NF Group RPD Group CD P value
Periodontitis (yes) 54.7 (1.5) 56.7 (3.1) 40 (3.6) 0.002 40.5 (1.2) 45.4 (2.3) 34.9 (3.2) 0.019
Regular dental check-up (yes) 27.4 (1.2) 27.2 (2.7) 18.3 (3.1) 0.056 22.5 (1) 20 (1.8) 15.3 (2.5) 0.023
Use of dental hygienic aids (yes) 23.4 (1) 13.9 (1.8) 15.6 (2.7) < 0.001 24.4 (1) 14 (1.5) 8 (1.5) < 0.001
Masticatory problem < 0.001 < 0.001

Uncomfortable 39 (1.2) 60.3 (2.6) 57.5 (3.6) 37.8 (1) 60.7 (2.2) 70.8 (3)
Moderate 13.7 (0.9) 14.1 (2) 13.1 (2.3) 14.8 (0.8) 13.2 (1.5) 9.8 (2.3)
Comfortable 47.3 (1.2) 25.7 (2.3) 29.4 (3.3) 47.5 (1.1) 26.1 (2) 19.5 (2.6)

Speaking problem < 0.001 < 0.001
Uncomfortable 9.7 (0.7) 31.8 (2.5) 36.7 (3.6) 10.2 (0.6) 32.4 (1.9) 41.2 (3.4)
Moderate 9.7 (0.7) 17.7 (2.1) 15.8 (2.5) 8.9 (0.6) 13.9 (1.3) 17.5 (2.6)
Comfortable 80.7 (0.9) 50.6 (2.6) 47.5 (3.7) 80.9 (0.9) 53.7 (2.1) 41.3 (3.4)

Self-perception of oral health status < 0.001 < 0.001
Good 16.5 (0.9) 5.6 (1) 9.2 (2.3) 12.6 (0.8) 7.4 (1.1) 7.4 (1.6)
Moderate 34.4 (1.2) 19.9 (1.9) 29.6 (3.1) 36.9 (1.1) 28.7 (2) 24 (3)
Bad 49.1 (1.2) 74.6 (2.1) 61.2 (3.5) 50.5 (1.1) 63.9 (2.2) 68.6 (3.3)

No. of times teeth brushed per day 0.005 0.012
0, 1 21.9 (1) 24 (2) 33.4 (3) 12.4 (0.9) 15.8 (1.6) 19.3 (2.9)
2 45.1 (1.2) 46.4 (2.5) 36 (3.5) 51.8 (1.1) 50.9 (2) 50.9 (3.3)
≥ 3 33 (1.2) 29.6 (2.3) 30.5 (3.2) 35.8 (1.1) 33.3 (2) 29.8 (3)

Data are presented as % (standard error).
NF = no removable dental prosthesis, RPD = removable partial denture but not removable complete denture, CD = at least 1 removable complete denture.
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Fig. 2. Distribution of groups according to age in men (P < 0.001) and women (P < 0.001). 
NF = no removable dental prosthesis, RPD = removable partial denture but not removable complete denture, CD = at least 1 removable complete denture.
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Fig. 3. Prevalence of diabetes according to groups in men and women. The prevalence of diabetes increased 
across the dental prosthesis groups (P < 0.01). The error bars represent the upper 95% confidence interval. 
NF = no removable dental prosthesis, RPD = removable partial denture but not removable complete denture, CD 
= at least 1 removable complete denture.
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men after adjusting for age, BMI, smoking habits, alcohol consumption, exercise, household 
income, education level, and the number of times they brushed their teeth per day (adjusted 
odds ratio [OR], 1.491; 95% confidence interval [CI], 1.034–2.151). In addition, the adjusted 
ORs for diabetes were significantly increased in the order group NF, group RPD, and group CD 
in the men population. In the women population, after adjusting for age and/or other variables, 
the adjusted ORs for diabetes were slightly increased in the ascending order in group NF, 
group RPD, and group CD. However, no statistically significant association was found between 
diabetes and the use of dental prostheses in the women participants (Models 1 and 2).

The results relating to blood glucose control (defined as HbA1c < 6.5%) are also shown 
in Table 3. Similar to the association between the prevalence of diabetes and the use of 
dental prostheses, glycemic control was also significantly associated with the use of dental 
prostheses in men participants (P = 0.021). Men participants who wore complete dentures 
(group CD) exhibited poorer glycemic control (defined as HbA1c ≥ 6.5%) compared with 
men participants who did not use any type of removable dental prostheses (group NF) after 
adjustment for variables (OR, 0.232; 95% CI, 0.091–0.591).

DISCUSSION

The present study statistically evaluated the association between diabetes and the use of 
removable dental prostheses based on a nationwide survey. Among Korean adults aged ≥ 50 
years who participated in the KNHANES, the prevalence of diabetes and glycemic control 
were significantly associated with the use of removable dental prostheses in men participants 
after adjusting for several potentially confounding variables.

The results of the present study can be interpreted in several ways. First, inadequate 
nutritional intake by individuals wearing removable dentures may be associated with 
diabetes. Removable denture wearers usually prefer softer foods over harder or foods that 
are difficult to chew.19 This is due to the maximum biting force of complete denture wearers 
being 1/7 to 1/4 of the force of the average person with intact dentition.4,5 Therefore, for 
complete denture wearers, the quantity of foods that are difficult to chew, such as vegetables, 
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Table 3. Adjusted ORs of diabetes and glycemic control according to the type of dental prosthesis
Variables Men Women

Model 1a Model 2b Model 1a Model 2b

Diabetes
Group

NF 1 1 1 1
RPD 1.24 (0.95–1.618) 1.165 (0.878–1.544) 1.03 (0.806–1.316) 1.04 (0.814–1.327)
CD 1.443 (1.021–2.04) 1.491 (1.034–2.151) 1.04 (0.702–1.541) 1.061 (0.701–1.605)
P value 0.020 0.037 0.800 0.722

Glycemic controlc

Group
NF 1 1 1 1
RPD 0.89 (0.482–1.645) 0.971 (0.511–1.845) 1.121 (0.623–2.015) 1.226 (0.688–2.185)
CD 0.277 (0.116–0.662) 0.232 (0.091–0.591) 0.953 (0.39–2.331) 1.212 (0.518–2.838)
P value 0.021 0.021 0.932 0.494

Data are presented as odds ratio (95% confidence interval).
NF = no removable dental prosthesis, RPD = removable partial denture but not removable complete denture, CD 
= at least 1 removable complete denture.
aAdjusted for age; badjusted for age, body mass index, smoking status, alcohol consumption, exercise, household 
income, education level, and number of times teeth brushed per day; cdefined as glycated hemoglobin < 6.5%.
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consumed is reduced due to their reduced chewing ability.20,21 These changes in food 
consumption may lead to nutritional deficiencies, and may be associated with the development 
of metabolic syndrome and poor glycemic control.5,22,23 From this point of view, fixed partial 
dentures and implant-supported fixed dental prostheses may be a better choice of treatment 
than removable dentures to enhance the health of patients with diabetes.21 In Table 3, for 
women, the significance of the results disappeared after adjusting for the confounding 
factors. This may be due to gender differences in interests or patterns of food intake in older 
people.24-26 Further research will be needed to identify these gender differences.

A second possible explanation for the findings of the present study is that diabetes is 
associated with several dental problems that necessitate the use of removable dental 
prostheses. First, diabetes increases the risk of periodontitis.7,27 Diabetes increases oxidative 
stress and the production of glycation end-products. Therefore, immune function is altered, 
and periodontitis is induced.28 The development of dental caries is also associated with 
diabetes. The prevalence of dental caries is higher in the diabetic population than in the 
nondiabetic population.29,30 According to a study by Murrah,31 decreased salivary flow and 
an increased level of glucose in the parotid saliva may result in an increased incidence of 
caries in individuals with diabetes. In addition, individuals with type 2 diabetes have higher 
rates of apical periodontitis than nondiabetic patients.32 Patients with uncontrolled diabetes 
have a higher incidence of several types of oral infection, including dental pulp infection.33 
Therefore, individuals with diabetes may have more missing teeth compared without diabetes 
due to the higher incidence rates of dental caries, apical periodontitis, and periodontal 
disease.32,34 Additionally, according to Lee et al.,8 the number of missing teeth is positively 
associated with fasting plasma glucose levels in the rural elderly population.

To restore missing teeth, some patients with diabetes are advised to obtain removable 
dental prostheses rather than fixed dental prostheses, such as implant-supported 
prostheses. This is because achieving implant osseointegration is more difficult in patients 
with poorly controlled diabetes.35 A patient’s blood HbA1c level has also been reported to 
be 1 of the most important factors affecting the implant complication rate.36 In addition, 
type 2 diabetes is more prevalent in lower socio-economic groups.37 It may be difficult for 
those with a lower socio-economic status to receive high-cost fixed dental prostheses, such 
as implant-supported prostheses, for their edentulous area. For these reasons, patients with 
diabetes are more likely to receive a removable dental prosthesis than an implant-supported 
fixed dental prosthesis.

The present study had a number of limitations, predominantly due to its cross-sectional 
design. As exposure and outcome were assessed simultaneously, causality was not clear.38 
Another limitation was that all the participants were Asians, and the dietary habits of 
Asians may differ from those of other cultures. The type and combination of medications 
that are administered is important for the control of diabetes; however, these could not be 
analyzed, which represents a limitation of this study. In addition, the duration of diabetes is 
a significant confounding factor affecting glycemic control. However, due to the limitation 
of the KNHANES data, the duration of diabetes could not be adjusted in the present study. 
Furthermore, in elderly diabetic patients, the recommended HbA1c level is approximately 
7% or over 7% or less than 7.5%–8%, especially in those who have experienced hypoglycemic 
events.39-41 The HbA1c cut-off level < 6.5% used in the present study could be too low for 
those patients. Therefore, in interpreting the results of this study, the limitations related to 
these factors should be considered.
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Despite these limitations, the present study had several strengths. First, the oral condition of 
the participants was professionally classified into 3 mutually exclusive groups according to 
their use of removable dental prostheses. Based on this grouping scheme, a detailed analysis 
was performed. In addition, data in the present study were collected by specialists, whereas 
previous studies used self-reported data.9 The present study also used blood samples to 
evaluate glucose levels in participants. Furthermore, the majority of previous studies evaluated 
small numbers of participants and did not consider possible confounding variables.

Previous studies linked the number of natural teeth to the incidence of systemic diseases.42-46 
Even if participants have the same number of residual natural teeth, there are large 
differences in masticatory force between edentulous sites restored with a fixed dental 
prosthesis, including dental implants, and those restored with a removable dental prosthesis. 
Thus, it is also important to analyze the health status of patients according to their type of 
dental prosthesis, as in the present study.

In conclusion, the present study showed that men who use removable dental prostheses, 
particularly removable complete dentures, were more likely to have diabetes. The prevalence 
of uncontrolled diabetes was higher in those who wore removable complete dentures than 
in those who wore other types of dental prostheses. Therefore, it might be necessary for 
endocrinologists and dentists to consider the potential risk of uncontrolled diabetes when 
examining patients with removable dental prostheses. Further prospective cohort studies are 
required to obtain a better understanding of the underlying mechanisms.

ACKNOWLEDGMENTS

The authors express their gratitude to the Korean Centers for Disease Control and 
Prevention, the Korean Ministry of Health and Welfare and the study participants for their 
contribution to the research.

REFERENCES

 1. American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes Care 2014;37 Suppl 
1:S14-80. 
PUBMED | CROSSREF

 2. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030. Diabetes 
Res Clin Pract 2010;87(1):4-14. 
PUBMED | CROSSREF

 3. The glossary of prosthodontic terms. Ninth edition. J Prosthet Dent 2017;117(5 Suppl):e1-105. 
PUBMED | CROSSREF

 4. Haraldson T, Karlsson U, Carlsson GE. Bite force and oral function in complete denture wearers. J Oral 
Rehabil 1979;6(1):41-8. 
PUBMED | CROSSREF

 5. Roumanas ED, Garrett NR, Hamada MO, Kapur KK. Comparisons of chewing difficulty of consumed 
foods with mandibular conventional dentures and implant-supported overdentures in diabetic denture 
wearers. Int J Prosthodont 2003;16(6):609-15.
PUBMED

 6. Cristina de Lima D, Nakata GC, Balducci I, Almeida JD. Oral manifestations of diabetes mellitus in 
complete denture wearers. J Prosthet Dent 2008;99(1):60-5. 
PUBMED | CROSSREF

9/12https://jkms.org https://doi.org/10.3346/jkms.2019.34.e262

Diabetes and Removable Dental Prostheses

http://www.ncbi.nlm.nih.gov/pubmed/24357209
https://doi.org/10.2337/dc14-S014
http://www.ncbi.nlm.nih.gov/pubmed/19896746
https://doi.org/10.1016/j.diabres.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/28418832
https://doi.org/10.1016/j.prosdent.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/282415
https://doi.org/10.1111/j.1365-2842.1979.tb00403.x
http://www.ncbi.nlm.nih.gov/pubmed/14714839
http://www.ncbi.nlm.nih.gov/pubmed/18182187
https://doi.org/10.1016/S0022-3913(08)60010-4
https://jkms.org


 7. Chapple IL, Genco R. Diabetes and periodontal diseases: consensus report of the Joint EFP/AAP 
Workshop on Periodontitis and Systemic Diseases. J Periodontol 2013;84(4 Suppl):S106-12.
PUBMED

 8. Lee HK, Lee KD, Merchant AT, Lee SK, Song KB, Lee SG, et al. More missing teeth are associated with 
poorer general health in the rural Korean elderly. Arch Gerontol Geriatr 2010;50(1):30-3. 
PUBMED | CROSSREF

 9. Azogui-Lévy S, Dray-Spira R. Sociodemographic factors associated with the dental health of persons with 
diabetes in France. Spec Care Dentist 2012;32(4):142-9. 
PUBMED | CROSSREF

 10. Korea Centers for Disease Control and Prevention. The Fifth Korea National Health and Nutrition Examination 
Survey (KNHANES V-1). Cheongju: Korea Centers for Disease Control and Prevention; 2010.

 11. Zitzmann NU, Hagmann E, Weiger R. What is the prevalence of various types of prosthetic dental 
restorations in Europe? Clin Oral Implants Res 2007;18 Suppl 3:20-33. 
PUBMED | CROSSREF

 12. Schneider C, Zemp E, Zitzmann NU. Oral health improvements in Switzerland over 20 years. Eur J Oral Sci 
2017;125(1):55-62. 
PUBMED | CROSSREF

 13. Janket SJ, Surakka M, Jones JA, Lam A, Schnell RA, Rose LM, et al. Removable dental prostheses and 
cardiovascular survival: a 15-year follow-up study. J Dent 2013;41(8):740-6. 
PUBMED | CROSSREF

 14. Lim SG, Han K, Kim HA, Pyo SW, Cho YS, Kim KS, et al. Association between insulin resistance and 
periodontitis in Korean adults. J Clin Periodontol 2014;41(2):121-30. 
PUBMED | CROSSREF

 15. Rodbard HW, Jellinger PS, Davidson JA, Einhorn D, Garber AJ, Grunberger G, et al. Statement by an 
American Association of Clinical Endocrinologists/American College of Endocrinology consensus panel 
on type 2 diabetes mellitus: an algorithm for glycemic control. Endocr Pract 2009;15(6):540-59. 
PUBMED | CROSSREF

 16. Kim MK, Ko SH, Kim BY, Kang ES, Noh J, Kim SK, et al. 2019 Clinical practice guidelines for type 2 
diabetes mellitus in Korea. Diabetes Metab J 2019;43(4):398-406. 
PUBMED | CROSSREF

 17. Agarwal DP. Cardioprotective effects of light-moderate consumption of alcohol: a review of putative 
mechanisms. Alcohol Alcohol 2002;37(5):409-15. 
PUBMED | CROSSREF

 18. Hagströmer M, Oja P, Sjöström M. The International Physical Activity Questionnaire (IPAQ): a study of 
concurrent and construct validity. Public Health Nutr 2006;9(6):755-62. 
PUBMED | CROSSREF

 19. Hartsook EI. Food selection, dietary adequacy, and related dental problems of patients with dental 
prostheses. J Prosthet Dent 1974;32(1):32-40. 
PUBMED | CROSSREF

 20. Sheiham A, Steele JG, Marcenes W, Lowe C, Finch S, Bates CJ, et al. The relationship among dental status, 
nutrient intake, and nutritional status in older people. J Dent Res 2001;80(2):408-13. 
PUBMED | CROSSREF

 21. Oates TW, Huynh-Ba G, Vargas A, Alexander P, Feine J. A critical review of diabetes, glycemic control, and 
dental implant therapy. Clin Oral Implants Res 2013;24(2):117-27. 
PUBMED | CROSSREF

 22. Lim JH, Lee YS, Chang HC, Moon MK, Song Y. Association between dietary patterns and blood lipid 
profiles in Korean adults with type 2 diabetes. J Korean Med Sci 2011;26(9):1201-8. 
PUBMED | CROSSREF

 23. Ahn J, Kim NS, Lee BK, Park S. Carbohydrate intake exhibited a positive association with the risk of 
metabolic syndrome in both semi-quantitative food frequency questionnaires and 24-hour recall in 
women. J Korean Med Sci 2017;32(9):1474-83. 
PUBMED | CROSSREF

 24. Bates CJ, Prentice A, Finch S. Gender differences in food and nutrient intakes and status indices from the 
National Diet and Nutrition Survey of people aged 65 years and over. Eur J Clin Nutr 1999;53(9):694-9. 
PUBMED | CROSSREF

 25. Muga MA, Owili PO, Hsu CY, Rau HH, Chao JC. Dietary patterns, gender, and weight status among 
middle-aged and older adults in Taiwan: a cross-sectional study. BMC Geriatr 2017;17(1):268. 
PUBMED | CROSSREF

10/12https://jkms.org https://doi.org/10.3346/jkms.2019.34.e262

Diabetes and Removable Dental Prostheses

http://www.ncbi.nlm.nih.gov/pubmed/23631572
http://www.ncbi.nlm.nih.gov/pubmed/19230988
https://doi.org/10.1016/j.archger.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/22784322
https://doi.org/10.1111/j.1754-4505.2012.00257.x
http://www.ncbi.nlm.nih.gov/pubmed/17594367
https://doi.org/10.1111/j.1600-0501.2007.01435.x
http://www.ncbi.nlm.nih.gov/pubmed/28045197
https://doi.org/10.1111/eos.12327
http://www.ncbi.nlm.nih.gov/pubmed/23770385
https://doi.org/10.1016/j.jdent.2013.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24303984
https://doi.org/10.1111/jcpe.12196
http://www.ncbi.nlm.nih.gov/pubmed/19858063
https://doi.org/10.4158/EP.15.6.540
http://www.ncbi.nlm.nih.gov/pubmed/31441247
https://doi.org/10.4093/dmj.2019.0137
http://www.ncbi.nlm.nih.gov/pubmed/12217928
https://doi.org/10.1093/alcalc/37.5.409
http://www.ncbi.nlm.nih.gov/pubmed/16925881
https://doi.org/10.1079/PHN2005898
http://www.ncbi.nlm.nih.gov/pubmed/4600301
https://doi.org/10.1016/0022-3913(74)90096-1
http://www.ncbi.nlm.nih.gov/pubmed/11332523
https://doi.org/10.1177/00220345010800020201
http://www.ncbi.nlm.nih.gov/pubmed/22111901
https://doi.org/10.1111/j.1600-0501.2011.02374.x
http://www.ncbi.nlm.nih.gov/pubmed/21935277
https://doi.org/10.3346/jkms.2011.26.9.1201
http://www.ncbi.nlm.nih.gov/pubmed/28776343
https://doi.org/10.3346/jkms.2017.32.9.1474
http://www.ncbi.nlm.nih.gov/pubmed/10509764
https://doi.org/10.1038/sj.ejcn.1600834
http://www.ncbi.nlm.nih.gov/pubmed/29162048
https://doi.org/10.1186/s12877-017-0664-4
https://jkms.org


 26. Lee KW, Woo HD, Cho MJ, Park JK, Kim SS. Identification of dietary patterns associated with incidence of 
hyperglycemia in middle-aged and older Korean adults. Nutrients 2019;11(8):1801. 
PUBMED | CROSSREF

 27. Mealey BL, Moritz AJ. Hormonal influences: effects of diabetes mellitus and endogenous female sex 
steroid hormones on the periodontium. Periodontol 2000 2003;32(1):59-81. 
PUBMED | CROSSREF

 28. Ritchie CS. Mechanistic links between type 2 diabetes and periodontitis. J Dent 2009;37(8):S578-9. 
PUBMED | CROSSREF

 29. Jones RB, McCallum RM, Kay EJ, Kirkin V, McDonald P. Oral health and oral health behaviour in a 
population of diabetic outpatient clinic attenders. Community Dent Oral Epidemiol 1992;20(4):204-7. 
PUBMED | CROSSREF

 30. Soell M, Hassan M, Miliauskaite A, Haïkel Y, Selimovic D. The oral cavity of elderly patients in diabetes. 
Diabetes Metab 2007;33 Suppl 1:S10-8. 
PUBMED | CROSSREF

 31. Murrah VA. Diabetes mellitus and associated oral manifestations: a review. J Oral Pathol 1985;14(4):271-81. 
PUBMED | CROSSREF

 32. Marotta PS, Fontes TV, Armada L, Lima KC, Rôças IN, Siqueira JF Jr. Type 2 diabetes mellitus and the 
prevalence of apical periodontitis and endodontic treatment in an adult Brazilian population. J Endod 
2012;38(3):297-300. 
PUBMED | CROSSREF

 33. Lima SM, Grisi DC, Kogawa EM, Franco OL, Peixoto VC, Gonçalves-Júnior JF, et al. Diabetes mellitus and 
inflammatory pulpal and periapical disease: a review. Int Endod J 2013;46(8):700-9. 
PUBMED | CROSSREF

 34. Ueta E, Osaki T, Yoneda K, Yamamoto T. Prevalence of diabetes mellitus in odontogenic infections and 
oral candidiasis: an analysis of neutrophil suppression. J Oral Pathol Med 1993;22(4):168-74. 
PUBMED | CROSSREF

 35. Javed F, Romanos GE. Impact of diabetes mellitus and glycemic control on the osseointegration of dental 
implants: a systematic literature review. J Periodontol 2009;80(11):1719-30. 
PUBMED | CROSSREF

 36. Tawil G, Younan R, Azar P, Sleilati G. Conventional and advanced implant treatment in the type II diabetic 
patient: surgical protocol and long-term clinical results. Int J Oral Maxillofac Implants 2008;23(4):744-52.
PUBMED

 37. Agardh E, Allebeck P, Hallqvist J, Moradi T, Sidorchuk A. Type 2 diabetes incidence and socio-economic 
position: a systematic review and meta-analysis. Int J Epidemiol 2011;40(3):804-18. 
PUBMED | CROSSREF

 38. Carlson MD, Morrison RS. Study design, precision, and validity in observational studies. J Palliat Med 
2009;12(1):77-82. 
PUBMED | CROSSREF

 39. American Diabetes Association. 12. Older adults: standards of medical care in diabetes. 2019. Diabetes Care 
2019;42 Suppl 1:S139-47. 
PUBMED | CROSSREF

 40. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB, et al. Diabetes in older adults. Diabetes Care 
2012;35(12):2650-64. 
PUBMED | CROSSREF

 41. Moreno G, Mangione CM, Kimbro L, Vaisberg E; American Geriatrics Society Expert Panel on Care 
of Older Adults with Diabetes Mellitus. Guidelines abstracted from the American Geriatrics Society 
Guidelines for Improving the Care of Older Adults with Diabetes Mellitus: 2013 update. J Am Geriatr Soc 
2013;61(11):2020-6. 
PUBMED | CROSSREF

 42. Minn YK, Suk SH, Park H, Cheong JS, Yang H, Lee S, et al. Tooth loss is associated with brain white matter 
change and silent infarction among adults without dementia and stroke. J Korean Med Sci 2013;28(6):929-33. 
PUBMED | CROSSREF

 43. Park H, Suk SH, Cheong JS, Lee HS, Chang H, Do SY, et al. Tooth loss may predict poor cognitive 
function in community-dwelling adults without dementia or stroke: the PRESENT project. J Korean Med Sci 
2013;28(10):1518-21. 
PUBMED | CROSSREF

 44. Choi HM, Han K, Park YG, Park JB. Associations between the number of natural teeth and renal 
dysfunction. Medicine (Baltimore) 2016;95(34):e4681. 
PUBMED | CROSSREF

11/12https://jkms.org https://doi.org/10.3346/jkms.2019.34.e262

Diabetes and Removable Dental Prostheses

http://www.ncbi.nlm.nih.gov/pubmed/31382699
https://doi.org/10.3390/nu11081801
http://www.ncbi.nlm.nih.gov/pubmed/12756034
https://doi.org/10.1046/j.0906-6713.2002.03206.x
http://www.ncbi.nlm.nih.gov/pubmed/19524347
https://doi.org/10.1016/j.jdent.2009.05.015
http://www.ncbi.nlm.nih.gov/pubmed/1526105
https://doi.org/10.1111/j.1600-0528.1992.tb01717.x
http://www.ncbi.nlm.nih.gov/pubmed/17702095
https://doi.org/10.1016/S1262-3636(07)80053-X
http://www.ncbi.nlm.nih.gov/pubmed/3923169
https://doi.org/10.1111/j.1600-0714.1985.tb00494.x
http://www.ncbi.nlm.nih.gov/pubmed/22341063
https://doi.org/10.1016/j.joen.2011.11.001
http://www.ncbi.nlm.nih.gov/pubmed/23442003
https://doi.org/10.1111/iej.12072
http://www.ncbi.nlm.nih.gov/pubmed/8391079
https://doi.org/10.1111/j.1600-0714.1993.tb01051.x
http://www.ncbi.nlm.nih.gov/pubmed/19905942
https://doi.org/10.1902/jop.2009.090283
http://www.ncbi.nlm.nih.gov/pubmed/18807573
http://www.ncbi.nlm.nih.gov/pubmed/21335614
https://doi.org/10.1093/ije/dyr029
http://www.ncbi.nlm.nih.gov/pubmed/19284267
https://doi.org/10.1089/jpm.2008.9690
http://www.ncbi.nlm.nih.gov/pubmed/30559238
https://doi.org/10.2337/dc19-S012
http://www.ncbi.nlm.nih.gov/pubmed/23100048
https://doi.org/10.2337/dc12-1801
http://www.ncbi.nlm.nih.gov/pubmed/24219204
https://doi.org/10.1111/jgs.12514
http://www.ncbi.nlm.nih.gov/pubmed/23772160
https://doi.org/10.3346/jkms.2013.28.6.929
http://www.ncbi.nlm.nih.gov/pubmed/24133359
https://doi.org/10.3346/jkms.2013.28.10.1518
http://www.ncbi.nlm.nih.gov/pubmed/27559974
https://doi.org/10.1097/MD.0000000000004681
https://jkms.org


 45. Song IS, Han K, Ryu JJ, Park JB. Association between underweight and tooth loss among Korean adults. 
Sci Rep 2017;7(1):41524. 
PUBMED | CROSSREF

 46. Song SJ, Han K, Lee SS, Park JB. Association between the number of natural teeth and diabetic 
retinopathy among type 2 diabetes mellitus: the Korea national health and nutrition examination survey. 
Medicine (Baltimore) 2017;96(47):e8694. 
PUBMED | CROSSREF

12/12https://jkms.org https://doi.org/10.3346/jkms.2019.34.e262

Diabetes and Removable Dental Prostheses

http://www.ncbi.nlm.nih.gov/pubmed/28128349
https://doi.org/10.1038/srep41524
http://www.ncbi.nlm.nih.gov/pubmed/29381952
https://doi.org/10.1097/MD.0000000000008694
https://jkms.org

	Association between Diabetes and the Use of Removable Dental Prostheses among the Korean Population
	Introduction
	Methods
	Use of dental prostheses and the classification of groups
	Diabetes and glycemic control
	Evaluation of the association between diabetes and the use of dental prostheses
	Potential confounders
	Statistical analysis
	Ethics statement

	Results
	Discussion
	REFERENCES


